Objective: To assess the relation of the metabolic insulin resistance syndrome (M-IRS) with coronary heart disease (CHD) in Pakistani patients. Subjects: 200 patients with angiographic disease (CHD(+)) matched with 200 patients with chest pain without occlusive disease (CHD(2)). Design: Prospective case-control study. Setting: Tertiary referral cardiology unit in Pakistan. Results: M-IRS was present in 37% of CHD(+) versus 27% of CHD(2) patients by criteria for white patients or 47% versus 42%, respectively, by Asian criteria (p , 0.001). After adjustment for other risk factors, M-IRS was not a significant predictor for CHD or angiographic disease. Age (p = 0.03), smoking (p , 0.001), diabetes-years (p = 0.003), sialic acid (p = 0.01), and creatinine (p = 0.008) accounted for the excess risk of CHD. Similarly, age (p = 0.005), creatinine (p , 0.001), cigarette pack-years (p = 0.02), diabetes-years (p = 0.003), and sialic acid (p = 0.08) were predictors of greater angiographic disease. M-IRS differed between Pakistani and white patients, as waist circumference correlated weakly (r = 20.03-0.08, p = 0.45-0.52) with triglycerides, high density lipoprotein cholesterol, systolic blood pressure, or glucose. Sialic acid was the only inflammatory marker associated with M-IRS. Conclusions: Despite strong associations between individual risk factors associated with M-IRS and a univariate association between M-IRS and CHD in native Pakistanis, the principal discriminant risk factors in this group are age, smoking, inflammation, diabetes-years, and impaired renal function. The poor sensitivity of M-IRS for CHD reflects the high underlying prevalence of M-IRS, thus reducing sensitivity, confounding by other urban lifestyle traits, or a lack of association of waist circumference with M-IRS risk factors. The definition of M-IRS may have to be revised to increase its power as a discriminant risk factor for CHD in Pakistani populations.
A therosclerotic disease is projected to become the leading cause of global morbidity and mortality by 2020 and is associated with the presence of the metabolic insulin resistance syndrome (M-IRS). [1] [2] [3] Rates of coronary heart disease (CHD) are higher in Indian subcontinent Asians who have migrated and some studies suggest that rates of disease in the Indian subcontinent parallel those in the industrialised world. [4] [5] [6] This study examined the prevalence of M-IRS and its relation to occlusive CHD in a matched case-control study of patients with chest pain in Pakistan attending a tertiary referral hospital.
METHODS
The study cohort consisted of 400 patients recruited prospectively with ethical consent who underwent coronary angiography from 1998-2001 for presenting symptoms of chest pain. 7 Two groups were selected based on the presence of significant CHD as defined by a 50% stenosis in one or more coronary arteries and an age and sex matched control group presenting with similar symptoms but with no angiographic evidence of disease.
After discharge from hospital, patients were recruited to the study and baseline anthropometric, dietary, and lifestyle variables were assessed. A detailed cardiovascular risk profile was obtained including smoking history, triplicate measurement of blood pressure by mercury sphygmomanometry, measurement of waist to hip ratio, and measurement of total body fat by an Omron BF300 impedance system (Omron, Milton Keynes, UK). Fasting blood samples were obtained for determination of biochemical risk factors including baseline renal function, liver function, glucose, insulin, lipids, apolipoproteins, Lp(a) lipoprotein, homocysteine, C reactive protein, and fibrinogen. Biochemical analytes were measured by automated methods on Cobas Mira and Fara 2 analysers, a Behring BN2 nephelometer, and the Corning ACS 180 immunoassay system. Homocysteine was measured by liquid chromatography and tandem mass spectrometry. Insulin resistance was calculated by the homeostasis model assessment (HOMA) 8 and glomerular filtration rate was approximated by calculation of creatinine clearance with the Cockcroft-Gault formula. 9 The presence of M-IRS was identified by the NCEP-ATP III (National Cholesterol Education Program Adult Treatment Panel III) criteria of abdominal obesity: waist circumference . 102 cm in men and . 88 cm in women 10 (adjusted criteria for Asians: waist . 90 cm in men and . 85 cm in women) 11 ; hypertriglyceridaemia . 1.70 mmol/l; high density lipoprotein (HDL) cholesterol , 1.04 mmol/l in men and , 1.30 mmol/l in women; systolic blood pressure . 130 mm Hg; and fasting glucose . 6.1 mmol/l. An additional analysis was conducted with body mass index (BMI) . 28 kg/m 2 and . 25 kg/m 2 as alternative criteria for obesity and with stricter criteria from Chennai for abdominal obesity based on the incidence of diabetes (male , 85 cm, female , 80 cm). 12 Statistical analysis was conducted by paired sample logistic regression analysis between CHD(+) and CHD(2) groups. Categorical data were quantified and compared by Fisher's exact test. The cohort was analysed by using baseline data or log transformed data depending on whether individual analyte distribution was Gaussian. Angiograms were quantified for the extent and severity of CHD by Gensini scoring by observers blinded to other clinical details. 13 Multiple regression analysis was conducted with both backward and forward stepwise models to ascertain covariance and principal determinants of risk. Statistical analyses were conduced with GBStat 9.0 (Dynamic Microsystems, Silver Spring, Maryland, USA). Table 1 shows patient demographic, lifestyle, and biochemical risk factors. Groups with and without CHD differed most significantly in age, percentage of body fat, waist to hip ratio, prevalence of diabetes, and HDL cholesterol and apolipoprotein A I concentrations. The distribution of angiographic disease was 52% with three vessel disease, 30% with two vessel disease, and 18% with single vessel disease. Only 2% of patients in the CHD(2) group had any evidence of disease on angiography. Median (range) Gensini scores were 57 and 0 (0-3) in CHD(+) and CHD (2) The relation between waist circumference and triglycerides, HDL, systolic blood pressure, and glucose was negative but non-significant (r = 20.03 to 0.08, p = 0.45 to 0.52) in all cases. Similarly, BMI was related only to blood pressure in this study (r = 0.28, p , 0.001). Table 2 and table 3 show the analysis of the cohort redefined into groups based on the presence or absence of M-IRS. Clear differences (p ,, 0.001) existed between groups for the defining criteria of M-IRS: waist circumference, HDL cholesterol, triglycerides, blood pressure, and glucose. A clear correlation was found between presence of M-IRS and insulin resistance as defined by the HOMA index (p , 0.001). More women than men had features of M-IRS (24% v 10% of the total cohort). The lipids profiles of patients with M-IRS showed evidence of hypertriglyceridaemia, relative depletion of cholesterol in HDL cholesterol (low HDL cholesterol to apolipoprotein A I ratio), and increased particle number (apolipoprotein B) despite lower relative cholesterol content (low density lipoprotein to apolipoprotein B ratio). Concentrations of sialic acid were increased in patients with M-IRS. Transaminase concentrations (aspartate aminotransferase) were higher in the group with M-IRS. No difference was noted in concentrations of C reactive protein, fibrinogen, homocysteine, or creatinine or in creatinine clearance rates between the two groups.
RESULTS
Analysis of the cohort by the revised Chennai criteria for waist circumference showed that 79% had M-IRS. CHD was found in 52% of the M-IRS(+) group compared with 41% in the M-IRS(2) group (p , 0.001) with median Gensini scores of 11 (0-224) compared with 0 (0-140) (p ,, 0.001) in the two groups, respectively. Consistent differences were found in the qualifying criteria for M-IRS between the groups (data not shown). However, no significant differences were found in sialic acid (79 (15) v 80 (14) mg/l, p = 0.43), C reactive protein, or fibrinogen between M-IRS (+) and M-IRS(2) groups according to these criteria. Calculated creatinine clearance (including BMI in the formula) was reduced in the group with M-IRS (87 (29) v 91 (41) ml/min, p = 0.03).
Logistic regression analysis coding M-IRS as a dichotomous variable and excluding the parameters that it comprises from the analysis showed that presence of significant angiographic disease was related with age (b = 0. 
DISCUSSION
Rates of CHD in both Asian migrants to the industrialised world and in the Indian subcontinent are rapidly increasing. [14] [15] [16] The higher incidence of diabetes, low HDL, hypertriglyceridaemia, increased BMI, insulin resistance, and hence the likely presence of M-IRS are consistent risk factors for CHD in migrant Indian Asians. [17] [18] [19] However, few studies have assessed the utility of current definitions of M-IRS as CHD risk factors in native Indian Asian populations. 10 Though the NCEP-ATP III criteria have been adjusted, as these are inappropriate for Indian Asians, the exact values to be substituted are controversial. Generally a waist circumference of 90 cm for men and 85 cm for women is used, 11 but data from the Chennai study suggest that cut offs of 85 cm and 80 cm may be more appropriate. 12 According to the adjusted criteria M-IRS is present in 44%, which is similar to the prevalence of 41% seen in the urban Chennai study.
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When the analysis was conducted with the revised Chennai criteria based on risk of development of non-insulin dependent diabetes 12 -that is, with even more reduced waist circumference criteria-M-IRS was present in 77% of the total cohort and 52% were CHD(+) in the M-IRS(+) group compared with 41% CHD(+) in the M-IRS(2) group (p , 0.001). In all these analyses differences in lipids and HOMA insulin resistance correlated well with the presence of M-IRS. In one analysis the presence of increased transaminases correlated with presence of M-IRS indicating that the definition may be used to identify hepatic steatosis.
Previous analysis of the cardiovascular risk profile in this population had shown that the presence of angiographic disease correlated with the presence of M-IRS (crudely defined as increased waist to hip ratio, low HDL, high triglycerides, and hyperglycaemia or HOMA insulin resistance) allied with nephropathy and inflammation. 7 However, the previous study did not assess the relation between angiographic disease and M-IRS as formally defined by white NCEP or modified NCEP criteria. It was not possible to assess M-IRS defined by the World Health Organization (WHO) criteria, 20 as urine albumin was not measured in this study. This analysis shows that there is an increased prevalence of CHD in patients with M-IRS as defined by the native white and modified Asian criteria in univariate analysis. However, after correction for other risk factors by logistic regression analysis for the presence of angiographic disease or in multiple regression analysis with the Gensini score as an index of atherosclerotic burden, the presence of the M-IRS was not significantly associated with disease. The prime determinants associated with CHD events in this Pakistani population were age, smoking, inflammatory markers, creatinine or calculated glomerular filtration rate, and presence of diabetes. The Cockcroft-Gault formula for glomerular filtration rate includes BMI indicating that the CHD risk associated with renal dysfunction in this population is not completely subsumed within the definition of M-IRS by any of the waist circumference or analogous BMI criteria used. Similarly presence of diabetes was independently associated with CHD or angiographic disease and was not subsumed within the presence of M-IRS as a risk factor.
In contrast to studies in white patients, 21 22 no clear association of CHD with M-IRS above other risk factors is found in native Pakistani patients. This may reflect the patients selected for this study, as they were derived from an urban cohort presenting with chest pain to a tertiary centre and consequently were more likely to have higher incomes, to have greater rates of obesity, diabetes, and smoking, and to take less exercise than rural populations. Alternatively, the high population prevalence of M-IRS in Pakistanis (37% in CHD(+) compared with 27% in CHD(2) by NCEP-ATP III criteria or 47% compared with 42% by modified criteria) may reduce the sensitivity of using M-IRS as a discriminating factor to identify high risk patients with CHD. This effect is seen in this study, as prevalences of M-IRS rise and odds ratios for association of uncorrected M-IRS with CHD or angiographic disease fall as waist circumference criteria are reduced. Similar specificity-sensitivity trade offs affect other risk assessment systems 23 and a detailed receiver operating characteristic curve analysis would be required to determine the optimal cut off criteria in this patient group. However, more fundamentally the effect may reflect a flaw in the definition of M-IRS in this group, as lipids, blood pressure, or glucose did not correlate with waist circumference within M-IRS in this population. The lack of correlation of lipids with waist circumference has previously been noted in Sikh migrants to the UK 18 ; however, a relation was found between BMI and blood pressure suggesting that the optimal definition of M-IRS for Asians may differ from that for white patients. Similarly, validation studies of M-IRS criteria in white patients have shown that the NCEP criteria have a high specificity and WHO high sensitivity for prediction of diabetes indicating that these definitions may identify different aspects of the hypertriglyceridaemic waist syndrome. 24 Studies in native Indian Asian populations suggest that similar limitations may affect these populations but have not clarified the optimal definition of M-IRS in this ethnic group. 11 12 The association of risk of CHD with sialic acid in this population parallels that seen in patients with non-insulin dependent diabetes and extends the data for this risk factor to patients with M-IRS. 25 26 No association was found with fibrinogen or C reactive protein concentrations 19 21 and M-IRS but this may reflect a higher burden of infectious disease in this population obscuring an underlying relation, as 45% of M-IRS(+) patients and 47% of M-IRS(2) patients had concentrations of C reactive protein . 6 mg/l. This study shows that, despite strong associations of individual risk factors associated with M-IRS and a univariate association with CHD in native Pakistanis, the principal discriminant risk factors in this group are age, smoking, inflammation, diabetes, and impaired renal function. M-IRS seems to have a poor sensitivity as a discriminatory factor to identify high risk patients for CHD. This may reflect the high underlying prevalence of M-IRS reducing sensitivity, confounding by urban lifestyle traits often associated with M-IRS, or lack of a clear association of waist circumference with other risk factors for M-IRS in this population. The definition of M-IRS may have to be revised to increase its power as a discriminant risk factor for CHD in Indian Asian populations. Unusual coronary sinus anatomy: the vein of Marshall A 76 year old man with dilated ischaemic cardiomyopathy, severe left ventricular dysfunction, and left bundle branch block was admitted for implantation of a biventricular internal cardioverter-defibrillator. The procedure was performed via the left subclavian approach and pacing leads were implanted into the right atrium and right ventricle. Coronary sinus (CS) angiography was then carried out to identify a suitable target vein for the left ventricular lead. Initial angiography (left anterior oblique (LAO) 10 projection) suggested that the CS was occluded with a small venous tributary (panel A, double arrow) leading up to the left subclavian vein. Further contrast injections into the CS, however, demonstrated that the CS was widely patent (panel B) with an excellent posterolateral (PL) vein arising from the main CS body. The initial stump was identified as the vein of Marshall (VM), the remnants of the left cardinal vein that may give rise to a persistent left superior vena cava. While these are well documented, a patent vein of Marshall is extremely unusual. On this occasion the guide catheter sat preferentially within this channel and gave the appearance of a CS which was unfavourable for lead placement. It was only after further manipulation of the guide catheter and contrast injections that the true anatomy of the CS was revealed.
We feel this is an important anatomical variant to be demonstrated, as an increasing number of CS angiograms are performed because of biventricular device implants. This may help the unsuspecting cardiologist who may encounter this anomaly and initially conclude that the CS is unfavourable for pacing. 
